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(57)Abstract: 

PROBLEM TO BE SOLVED :To provide a technique to optimize delay by which more 
advantageous effect is obtained for a circuit large in clock skew. 

SOLUTION : Flip-flops FF (52, 53) with margin on delay restriction on a combinational circuit 612 
on the input side and with violation of delay restriction on a combinational circuit on the output 
side are replaced with low active level sensitive latches LL71, 72. Thus, the violation of delay 
restriction in the combinational circuit on the output side is dissolved by allocating time when 
data is inputted in the flip-flops to when the data is held by the flip-flop to the combinational 
circuit on the output side. 
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mxij^2 2\z^r)Xi3Wammmmm<Dmmf)mt>n. 

rt«DB^<&8KS#fTta*u «JEtfW»2 3lc<k*«5£ 

[0049] ®5E«w^2 3\z&z>mmMmz. 

SO, *fM9J£3B2 4fc;fel***fr*iJ5£tt, TfB^cl^: 
[0 0 5 0] 

(i) asr#HH"rntf3KBsn*±5^, 
m m ra £ a * oa s r# ra £ <£> r £ * ff 3 & s a* & £ 0 

[0 0 5 1 ] £TF, c<7)ig^5:tP&y- h \z£>?LZ>3m 

mm&zf&mmm<D»miz^Tttm^Tmw^% 

JME*«/H^S. if, tarrivaltt5J*WfWT?»0, 
t required^BRfWTfcSo t cycled* JOyJU' 

^mWZ^X\t. 8. 0nsT*5 
^UTtfg-r^>o tskewtt* ^P^X^i — T£>0, 
**]SfiWIH*3ViTtt. 1. 0ns"C*5tLTIfSt 
£0 t setups 7U7^7P7^t7h777 p KKI 

#^JffiW£43V>Ttt* 1. OnsTWtlT 
if-fi^TS. t fnp-fiop^, 7'J7^7Dy^l:iW 
jH6KrmT»0, ***«»C*^Ttt, 1. 0nsT£> 
^xhUTtf^f^o tgate^ b\Z&tf2>Atl¥> 

iffi0U^*5^^Ttt, 2. OnsT^^tLTtHf^o t 
latch^^ 7y?^frtSiIffiKpWT»0, **^^JfC 
fe^Ttt. 0. 5 n s T~$>Z>£ UTtfffT^o *^ 

^y^u/^COilffiNfK^K, ^f nt> t latch^fe 

tnc« i;t^$ns 2: tut 5 * t fc&K i/i, 

rBI#«p|B/(&BWfmj tlT^LT^O, «rJC, 7U 
7 7 p 7D77 p ^77f^^Ttt ±J££ffi*ffliJ<£> rgj 
»I»IH/*»»IKIJ chb, Tg^AAl rsWRHB/* 



(9) 
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[0052] ctL£>&m£x.rz.±T\ sr. &mffiVr& 

2 3H 7<y7U^#ILT, T3B*2SCK:fiEv>, Z7 

v . &mmmiz35V2> y y y ?y u y zfcomtj&mm^ 

Wtt, lnstSO, CCDffl^#7'J y?7Uy-f<Dm 

[0 0 5 3] 
[IS 2 ] 



t = t 

*• arrival •'flip-flop 
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57Uy^7D y :/©A*«#SWMWtt, 6ns^ 

[0 0 5 4] 
[»3] 



(2) 



^•required ^ cycle ^ setup ^skew 



(3) 



20 



[0 0 5 5] 
[»4] 



tarrival =max(A*«!|FF©t arTival +t 



gate 



) 



(4) 



[0 0 5 6] 



tarrival = max(A*j{iy 



[*5] 



h<Dt 



arrival ^gate ) 



(5) 



30 



[0 0 5 7] 



[»6] 



FF0A*«BiJ^fK 



arrival 



= A*«y— HDt 



/U^WCtOR^fSi:. 7U77 P 7D77 P 5 
ajfctf 5 b^43tt*Hi*«9J#«FBBJ4, ^*Ttih. In 

+ 2 = 3ns titz&o 

[0 0 5 8] Vk^T\ h9 eizmS? Z>£. t<DX 

o> (5) (4) ^z'&ot., JE-n-en, 5ns 

Lfc^oT, y-h9ellH 5ns 
[0 0 5 9] y— h9e(OUi*tti 7U7^7n 7 y5 



arrival (6) 

dtcA^^n^o y- h 9 e (c*3ttSSiJ»WfM«, 5n 
stW^T, (6) 7U77 P 7D7^5d 

(DAtimmm^mu. 5ns 
[0060] iosy-hs«7Uy^ 

40 [0 0 6 1] utlf>§y- h&tf^'J 7^7Dy^:6 

[0 0 6 2] 
[*7 3 



(10) 
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required 
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(7) 



[0 0 6 3] 



[§£8] 



t 



required 



= min(tti*©J^r— h(Dt 



required 



(8) 



[0 0 6 4] 



H&9] 



required 



required 



-£ti*ftiJ^f-h<Dt gate ) (9) 



Btf, 7U7^7P77 p 5a&{/7U7^7U7'/5d 

*A*ftl*K«pBltt, 6nsW. l^bt, 
(7) SCJCfiEoT, y-h9e(0^gW1H 6nst 

[0 0 6 5] y-h9e0MWW6nsT^ 
S^<h?&^, (8) y-b9a^)MB$Pa 

a, 4nstiai$n, HSiat, (9) axsei^ 

7'J 7^7P7^5 aOffi*fi'Ji^SKFK«, 2nsi| 

[0 0 6 6] Z<D£5\ZlsT, i04T©y-h&y7 
U7^7D7 :/<z>*ftff P$flfl fc ^ i> T t> WrWi) v frt>ti Z> . 
[0 0 6 7] 13 7 ^^$na^:T(^^^^-3ViT©JSB# 

9lC:fe^T:7U y?7Uy75 a, 5 bR#5 c(DXtl 

Tf£KfcL 7>^-A*- (_) rtiffiizESnT^*. I^flt 

COT (_) £iBSiLT£>£o 40 
[0 0 6 8] ^OJ:5feilJ»^MR^afiflWO»Ul^ 

•taK, (i) tc&Vrnizmttti&o zmz 

cfcO, 7Uyy7D7^5d-5g0fflg:tW:y-h 
9 i Rtf9 1 3i«jIKft!l»9*»&LT*0, y— h 9 j , 
9 k, 9m, 9 n&tf9 o&mMfflffilzmfcVT^Z> Z 



[0 0 6 9] u<^)J:7&^&$nSi:> *^T% 7 
y3 L $Et&&2 5tt, SrM2^KSfct7'J7 
^7D77 p 5d-5 g£D— 79^4 7<D7y?-\Z^& i 

[0070] c<©j;5tc^-/^ift$nfc«, sr>\ a 

[0 0 7 1] D — 79*r4~?7V*3r\*. ^P^y^^D — 
\Z&Z>t^\ZA±} 9 ifi A * 2 *l& & 6 , ZUyttlfl 

u-v^Mzmtis. *t>\z, ^(Dm^y^cDmm^m 
% tz »mn rcmmiz, a ^ ami ^ 2 n & c <t & 

SKfP^tt, -r-^rlt^s 0 %~e$>tVi£. 9ay9^ 

<1 9JWD1/2 £13l2>* Cn^^tlt^xh, U — 7 9 
tl^>o 9Uy9<Dv z ^.— ^>r Jfc*W«C*T.fri* 1/2 t 

[0 0 7 2] 
[»10] 



(11) 
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20 



tamvai = -lxmiitft^ -A^fi^ 

^ cycle ) t Iatch 



arrival' 



(1 0) 



do) i owhi i zmm-tzh* m*. 

Ott, t i £ 0 n s £ 5ns CD&B, HP*> £ 

(t 3 ) 3W***T, A*x— *©«»*frtofc^a*, 
u — 7 9 4 ~J y v 1 a\zm^l&X-tcZ£\z&r). y 
y^OilStWWO. 5ns?:%mi:, 7'Jiy^7D 
7^5 dtf*x-*«ft*fr ^WrPflct 0 fe, 2. 5ns| 

D-y^^^^^y^otHAftiiiiaRfmtt. -2. 5£ 

[0 0 7 3] -S, D-T^t-^ ^y^AAflJ&B 

^©m*«i&»KfWitA*ffli«aRpKitt. *»snssn 
h <&sij»i$ m k i; 

[0 0 7 4] 

[|»c l l] 



t required ^ arrival 



(1 1) 



[0 0 7 5] D— 7^7^ ^7yf«)g 

Sl:H §y-h«S^lT, 7U7^7P7^5h, 

5 1, 5 j j&*&ttSftTV>£. Lfcj&^T* 7'J7^7 
D7^5d-5g*P-7^f>f^775 1 7 a~7d(: 

^n^7U77 p 7D 7 /5h, 5 
i, 5 j fC^tt^x-^ffi^^-f ^>^1 

fn5pJSitt^*-5. tit-ox, yvy-fyny^sh, 

5 i , 5 j fc*3^TIELt^-f a >^T5 f — ^»»*«ff 



[0 0 7 6] ilCIT, 0 9Rtfm 0 K:*£tt5lEl&* 

[0 0 7 7] ^y^Jf A8&2 6 ttu dO«t'5ft:aa'&ii- 

^ [0 0 7 8] HlOt^T, txfct>i:ttjlffiftf|*5JtC* 

Isfctf^X, y y^ffi ASB2 6 01 2CS$nSJ: 
7 7f 8e*#AtS. £ ;W7^r>f^77 

<?0 B$|Sl*ffttiT££<htf*T€r£, HP^, (5) StRtf 

(8) s££J8^£;i£T, Wl)/W7^f^y77f 

[0 0 7 9] — 010 K^T, h 9 i RZfff 

- h 9 1 (D^xfrzte&m&itmmz. hhhtmmm 

tC, h 9 i , 9 l<h77f 7a-7d fcOKIK:, * 

/W7^f^^77f 8a-8d^}fAn. 
C^ck^^LTJf AStlfc/W T^tV ^77?8 a - 
40 8dtti9®P-7^T>f^77f 7 a-7dH 

^fe7U7y7D7ytl^i;<t5l:l^o £ 

mmmmi** yy^tz&iizmmmfflxfoo, xtimm 

1 3S^ffll^^t^t5, WK /W7^f^^7 
y^©A*fi«JHSil^Pa^ A^fi'JOD-T^^^ 
50 ^OHJ»WfPJHHI;t»0, W*«i&JfBIBtt. (9) 



21 

[0 0 8 0] 

mi 2] 

t arrival "~ ^ latch - • -(12) 

[0 0 8 1] 

mi 3] 

L Li£&<DH L<£A#fi!ld&B*SfU] 

^required ^arrival • • • (13) 

\z, mmmmmjx\$. mmztix^z. 
[0082] uut, *nmm<Dtfmtf)t£®)^z~D^T 

@13^ffl^TPm 6 B13H 0 9Rtf012fc: 
d 77f7a) 

yuy75d mm) fr^yv y^yay^s j tzmz 

/UCf gl, Sigte M \z & tt £ tyy 7 if A^ 
*ttSilffi^*JtttbfcHT*S, B 1 3 t#Btntf 

^fclR^#«U3ft»n»i3tt6a:*^fciiaEtt, 9Uy9 
— 7U7y7Dy^5di:i3Wty h7y 

<D&W\z<kQ \s—>>ffm&*iiVW2>&ffllzfc, mzu 
-7?r-f 7 a*r-^IIl/T*0, a 

S*fcW:7 U7^7D7 ^Oir 7h77 ^BSFslRtfiKgli* 

BB^i:Hi;-e*oTfc, vvmr— 97s))/— <D9^i ^ 
[0 0 8 3] 

% ± a* o x y v kjs & tr- ^ ffij^-r S7U^^7oy 

ytCSILT, &l%.Z*B2<Dgkft&mtz?ffim<DyVy 
7yu*y7&u-T9Tj7yy3 L \zm&'tZ>ZL\z£. 

[0 0 8 4] Sfc, ^gl^n^i^^^R^JfA^n^:^ 
7P7 ^feo fcS^C^lCAM < T teft £ o 



(12) #Bfi 2000-305962 

22 

Uy9X*a.-ifi±g^®&fc$tLT* *¥&W\Z£Z>m 
[0®<^ffl»?5:iftBJ] 

[01] *ftW(DmffioMm\z&z>mmmm<tmw<Dffi 
[02] 0 1 tc^^n^iiMSM^g^i&f^^^-r^ 

[0 3] ftffR«l:ffl^5n«Ht»oT, ftigflsflfr© 

[04] tt&rczmwm&<D9uy9m&tt-rm-e$> 
[05] 03 tr^^n-5^aiHigstc*rLT> rnmrnvr* 

* fir o 8: <D |g S 1% 93 -r § & <D 0 T $> £ . 

[07] 0 6 \zm^n^m^\zsm^x, ^v^nx 
20 *ft^rzm<Dwm&mw?zrz&<Dmx&z>« 

[0 8] &¥£m<Dnmm\z&wzmfflktt»rzzfamm 

[0 9] ms\z^n^mmm^\zMLxmmmvr^fr 
r>fzm%z&mm\^rzmx$>2> 0 
[010] 09 \z^znz>miW\E}$&\ztti<x, 

[0in yy^mmz&zmtimmmmm&mk&m 
m-?z>fz£><Dmx&2>« 

[012] mi o\z^znz>mwmmztti>x, 5yf 

£0 if ALfcte^S^rBT**. 

[013] ^^owBaw^^KK-rsfefe^H-r* 

[^©a^0J] 



2 f-^Jfflgf 

2 1 y ftDIQSE 

2 2 ' [Hl^tS^A^gB 

2 3 ii&ftffiffi 

2 4 ^ffipjjggg 

40 2 5 yy'T'^&U 

2 6 ^y^JfAffi 

2 7 @&ffiM8tH;fj8B 

3 IBti^B 

3 1 Afttt9IslBfitffi«fflffi 

3 2 W^^-^^-X (|*jgBDB) 

3 3 

3 4 y^UIMflBB 

3 5 S^fcJ^lf $8&ffl^ 

4 tti^^g 

50 5 1 — 5 6 7'Jy^7Dyy (FF) 



(13) 



5 j 

6 1, 6 2 

6 11, 6 12 
6 2 1, 6 2 2 
6221, 6222 
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7 U 7^7P7^ (F F) 



7 1, 7 2 
7a-7d 

8 1, 8 2 
8a-8e 
9a-9o 
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Q-7Jf^77? (LL) 
□ — T^T^ (LL) 
/W7Jf^7-;f (HL) 
/WT^r^f^y? (HL) 



[an 



[0 2] 
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S111 

i ) 



' i : 

( *7 ) 







FF 






^52 1 






FF 


\ 





FF 






FF 
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im4] 



ts 





(IS) 




6221 



[H8] 




C013] 



— -W 



0 1 



t 



tch(0-5) 



4 55-5 67 8 9i 10 12 



FF 




FF 




FF 







i setup 



tfHp-flop 
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